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Growth  and  division  of  cells  represent  one  of  the  characteristic 
signs of life.  In  an  analysis of the phenomenon  of ontogenesis  the 
general  growth  rate  as  estimated  by the  increase  in mass  must  be 
included  as  one  of its  most  striking  and  significant  features.  The 
present investigation concerns itself with the weight and growth rate 
of chicken embryos as functions of age.  The source of the eggs and 
the  management  of  incubation  have  been  described  in  a  previous 
paper  (1). 
Method. 
Fertile  eggs of from  5  to  19  days of incubation age were opened. 
After cutting the membranes the embryos were removed and separated 
at the distal end of the yolk stalk.  Various methods were used in an 
attempt  to prevent loss of blood from the vessels or retention of an 
undue amount of amniotic moisture on the skin.  Laying the embryos 
momentarily on a piece of/liter paper or on a smooth towel, or passing 
a  current  of  air  over  their  surfaces  was  tried.  Occasionally  the 
vessels were clamped.  We were never confident of the accuracy of 
certain points in our technique in weighing the smaller embryos, such 
for instance  as whether the water adhering  to the skin compensated 
for the frequent loss of a drop or two of blood.  In the older embryos 
only did we feel assured  that  the errors incurred  from these sources 
were minimal.  To  include  the  amniotic  and  chorionic  membranes, 
which would have made an appreciable difference in the weight was 
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deemed desirable from the theoretical consideration that these struc- 
tures are composed of living cells, presumably sharing in the general 
metabolic activity of the body.  To  do  this,  however, without  the 
loss of blood and without including other non-functioning parts and 
adherent water was found to be impractical.  In this and subsequent 
researches then we have concerned ourselves only with the embryo 
itself, assuming that the error incurred by neglecting the membranes 
was  either  constant  throughout incubation  or  negligible.  In  con- 
sequence, although the factors analysed, such as growth rate, metabo- 
lism, and chemical constitution, may be compared one with another 
they may have  only  an  approximate  general  validity  due  to  this 
omission.  In some of the 19  day old embryos the yolk sac, which 
could not properly be considered a  part of the living organism, had 
been taken up into the abdominal cavity, and so in such cases it was 
necessary to squeeze it out gently and separate it before weighing the 
chick. 
The embryos were weighed in weighing bottles.  With the younger 
chicks, when certain chemical analyses were to be made, a number of 
embryos were placed in the same bottle" so that the variations of the 
individual weights for these ages could not be obtained.  They were 
probably  considerable. 
Most of the embryos included in this particular investigation de- 
veloped in a  Lo-Glo incubator,  that is  to say before conditions had 
been standardized as outlined in  the preceding communication.  In 
this incubator the temperature conditions were not perfectly uniform, 
so that some eggs probably developed faster than others due to their 
position in the drawers.  No provision was made for this discrepancy 
except that  the  eggs were rolled each day,  the  drawers  frequently 
changed, and the weighings continued over an 8 months period so that 
the  average value for any one  age  does not represent a  particular 
group  of  embryos  subjected  to  particular  conditions.  After  the 
completion of this series, when a  constant temperature room for our 
experiments had been constructed, we were able to make a number of 
weighings under standard  temperature and humidity conditions for 
comparison. 
The sex was not determined.  The results,  therefore, represent a 
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5 to 19 days of age and incubated at a  temperature of about 39°C., 
and a humidity of about 70 per cent.  It was hoped that with a rather 
large number of weighings the chances for the equalization of factors 
causing deviations from the mean, namely, of temperature, humidity, 
sex, and technical errors would be optimal. 
TABLE  I. 
Weight, Growth Rate, and Acceleration of Growth of Chicken Embryos. 
Age. 
days 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
Mean wet weight 
and probable 
error** 
mg. 
206 
424 
730 
1,200 4-  19 
1,916 4- 163 
2,614 4-  23 
3,738 4-  62 
5,010 -4- 116 
7,239 4- 120 
9,484 4- 220 
11,734 4- 322 
14,343 4- 242 
18,364 4- 215 
20,8O0 4- 334 
26,341 4- 411 
"~l~l  i~ ~ 
-0.1440 
-0.1000 
-0.0735 
-0.0562 
-0.0445 
-0.0360 
-0.0298 
-0.0250 
-0.0213 
-0.0184 
-0.0160 
-0.0141 
-0.0125 
-0.0111 
-0.0100 
*This is the usual probable error of the biometrician; i.e., 
standard  deviation 
0.6745 
~/number of observations 
RESULTS. 
The  results  have  been  summarized in  Table  I.  Curves  of  the 
average weights (Fig.  I)  and of their logarithms (Fig. 2)  have been 
plotted  as  functions  of  age.  The  latter,  which is  comparable  to 
percentage weight increments, shows by its slope that the greatest 
relative changes in weight occur in the early days.  The percentage 
increase in mass rather than the actual increments of weight is taken 42  PHYSIOLOGICAL  ONTOGENY.  lll 
as  the  rate  of growth  because  this  aspect  is  considered biologically 
more  significant.  Either  definition is permissible,  but from a  func- 
tional standpoint it would seem that the object of interest is the growth 
and divisional rate per unit mass.  When the weight increments are 
taken as the basis of growth rate, the quantity of tissue taking part 
in the reaction is left out of consideration.  For instance, if an embryo 
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Fro. 1.  To show the average wet weight of chicken embryos as a function of age 
(Table I). 
weighing approximately 2.5  gin. is found to have  gained  1.0 gm. in 
24 hours its growth rate, using increments as the criterion, would be 
considered equal to that of a  chicken weighing, let us say, 50.0 gin. 
which also gained 1.0 gin. in the same period.  From a physiological 
standpoint  this  conception  of the rate  of growth is misleading,  and 
does not allow for a comparison between the same organism at different 
ages or organisms  of different species at  the same age.  Henceforth 4,5 
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Fzo. 2.  The logarithm of the average wet weight equated against the age of the 
embryo (Table I). 
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FIO. 3.  The logarithm of the  average weight  expressed as  a  function of the 
logarithm of the incubation age in days (Table I). 44  PHYSIOLOGICAL  ONTOGEI'U£.  III 
when the term growth rate is used, we shall mean the percentage rate 
dw 
dt  d  1  dw 
of increase in mass; i.e., velocity =  v =  ~-  =  ~  =  ~7" "~" 
It was found that when log W was equated against log t the points 
approximated  a  straight  line  (Fig.  3).  The  formula  log  W  =  3.6 
Days  16 
/ 
6  '7  8  9  ,tO  /,t.  12.  13  14  Ib 
Incubation  ~e 
/ 
17  15  lg 
FIG. 4. The increments of growth for each day of incubation.  The curve is the 
theoretical expression for the increments as derived from the formula. 
W =  0.668t  3'6 
log t  -  0.175 was obtained graphically.  By its use the graphs in all 
the  figures  were  drawn.  These  figures  are  included  in  the  table 
(Table  I)  so  as  to  allow for  comparison  with  the  average  findLugs. 
We do not attach theoretical significance to the fact that the weights 
can be expressed by such a  simple equation.  If certain intervals of 
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it is not difficult to find simple equations to fit weight figures.  Various 
mathematical  expressions have recently been suggested to conceptu- 
alize  the growth process.  These may be useful devices but they do 
not  furnish,  in  our  judgment,  sufficient  evidence  to  establish  the 
nature  of  the  "master  reaction"  of  growth  (2).  The  embryonic 
period may be considered as one, or the major part of one, of the three 
chief cycles, or periods of accelerated growth,  in the life span.  The 
rate slows asymptotically as the chick approaches an equilibrium with 
its immediate environment before hatching.  When the increments of 
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FIO. 5. The graph obtained from the formula log W=3.6 log t -  0.175 compared 
to the average results obtained by Lamson and Edmond (×) the single weighings 
of Hasselbalch (e) and some additional embryonic weighings made in the course 
of later experiments (o). 
growth are represented graphically  (Fig. 4) it is seen that except for 
the  17  to  18 day interval  there is a  rather gradual  smooth ascent in 
the values.  Later weighings for 18 day (log 18  =  1.255) old embryos, 
as  shown in  Fig.  5,  indicate  that  the  average  weight  at  this  age is 
probably higher  than  was first estimated  arid  that  the break in  the 
"curve does not represent the usual occurrence.  It is suggested that 
Brody's rhythmic  growth  curves  (3)  for the  embryonic period were 
due to similar chance variations, since they do not coincide one with 
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as a  result of a  very small (Lamson and Edmond (4)) or a  minimal 
(Hasselbalch (5))  number of weighings. 
Single  weighings  after  incubation  conditions  had  become  stand- 
ardized by  the  construction  of  a  temperature  room  as  previously 
described are shown in Fig. 5 for comparison with the standard curve 
(Fig. 3).  To these are added the figures collected by Brody (3) after 
Lamson and Edmond, and Hasselbalch. 
By the use of the formula the percentage rate of growth may be 
obtained. 
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FIa. 6.  The percentage growth rate as a function of age (Table I). 
where K  =  3.6.  The rate of growth as given by this equation may 
then be plotted  as  a  function of age  (Fig.  6).  It is  seen that  the 
percentage rate of growth decreases progressively with age.  If the 
rate of growth is used as a criterion of age the velocity of aging (sene- 
scence), or in other words, the negative acceleration of the percentage HENRY  A. MURRAY,  JR.  47 
increase in weight with time (Fig.  7), may be obtained by a  further 
differentiation: 
where K  =  3.6. 
m  W  =  ~  N 
dt  L  :  t' 
Minot's dicta were  that  (1)  the rate  of  growth  depends  on  the 
degree  of  senescence;  (2)  senescence  is  at  its  maximum  in  the 
c[ 
-012 
.0A1 
-0A0 
-0.09 
-0.08 
-O.O7 
-006 
-0.05 
-0D4 
-0X)5 
-0.02 
-O  J31 
/ 
\ 
iir,  wm!ni 
A~¢  5  6  7  g  9  10  tt  t2  1~  1~  1.5  16  Ft  iS  i9  20 
FIO. 7. The negative accderation of growth as a function of age (Table I). 
very young stages; (3)  the  rate  of  senescence  diminishes with  age; 
and  (4)  as a  corollary from these, natural  death is the  consequence 
of  cellular  differentiation  (6).  We  cannot  at  present accept  this 
statement as a  satisfactory description of senescence, for there is yet 
no evidence to show that the degree of "aliveness" and velocity of 48  PHYSIOLOGICAL  ONTOGENY.  III 
growth are synonymous.  There are other and perhaps more signi- 
ficant  phenomena  than  growth  rate  which  change  with  age.  An 
organism as  a  force can only be interpreted in  terms of totality of 
function.  Minor's concept that death is the consequence of cellular 
differentiation seems  to  be  at  variance  with  his  other  hypothesis. 
For instance,  tissue differentiation, as far as can be judged from its 
chemical constitution,  occurs most rapidly during the latter part of 
the embryonic period rather than at  the beginning.  This phase  of 
the subject will be discussed in a later paper. 
SUM-MZARY. 
1.  The average weights of chicken embryos between 5 and 19 days of 
incubation as  found by over  600  weighings may be expressed by a 
simple  exponential  equation, 
W  =  K  t 3"6 
where K  =  0.668. 
2.  The  velocity of growth  (i.e.  the  percentage increase in  mass) 
is inversely proportional to the incubation age.  The product of the 
two  (vt)  is  a  constant  (3.6).  The  negative  acceleration of growth 
likewise decreases with age. 
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